Abstract. The quality of the bearing parts directly affects the overall level of the finished bearing and the reliability of the operation. It is necessary to detect defects such as cracks, pores and inclusions. Because of the ultrasonic sensitivity for the internal defects of bearing parts, it is considered as the most potential for the development of bearing defects detection technology. Pulse method is the most widely used method in ultrasonic detection. However, the method is poor in high accuracy of quantitative detection, and there are some problems such as high defect detection rate and difficult blind detection. These problems limit the ultrasonic detection in many high precision applications. In this paper, the shortcomings of traditional detection methods are studied and make improvement, the method no longer relies on the sound pressure, uses linear FM ultrasonic signal as a transmission signal source, the ultrasonic echo signal coherent processing, so as to get more high detection reliability and accuracy. In this paper, a distributed multi-probe simulation system is used to demonstrate that the new method has excellent performance in defect detection.
Introduction
The quality of the bearing parts affects directly the overall level of the finished bearing and the reliability of the operation, and it is necessary to detect defects such as cracks, pores and inclusions. [1] Because ultrasonic is more sensitive to the defects inside the bearing parts, it is considered as the detection technology of the best development potential of bearing defect detection. Ultrasonic nondestructive testing method is an indispensable means to improve product quality and promote technological progress. [2, 3] It is the use of the material itself or the internal defects of the acoustic properties of the impact of ultrasonic propagation, non-destructive detection of internal and surface defects (such as cracks, bubbles, slag, etc.) the size, shape and distribution of materials and the determination of material properties. Ultrasonic testing has the advantages of strong penetrating ability and high defect detection accuracy, and is suitable for defect detection of bearing parts.
Ultrasonic nondestructive testing is a method of defect detection using ultrasonic and interface reflection, refraction and projection. [4, 5] Because the wave is propagated along the boundary-limited structure, it is a specific type of wave that is reflected and interfered by the interface during the forward propagation of the longitudinal and transverse waves, and its velocity and propagation form are different from those of the structural thickness and frequency are closely related [6] . According to the research of related literature, only a few scholars have used experimental and finite element simulation methods to study the propagation of guided wave propagation in inhomogeneous material. Based on the finite element method, [2, 7] M.Eeh-cherif EI-Kttani, F. Luppe and A.Guillet researched on the velocity and wave number of the guided wave propagation in the small angle elastic wedge plate along the thickness of the plate are studied with the thickness law, and then P.Marical, M.Eeh-cherif EI-Kttani and M.v. Predoi researched the modal transition between the symmetrical and anti-symmetrical modes of the bearing parts with thickness variation along the dead curve. [8, 9] The traditional ultrasonic signal analysis is mainly achieved by analyzing the time and amplitude of the waveform. The limitation of the time domain analysis technique determines that the reliability of the analysis result is not high and it is difficult to extract the defect information of the complex signal. [1, 3] For this reason, Gericke proposed a spectrum analysis technique based on the Fourier transform method, which makes the ultrasonic signal analysis change from time domain to frequency domain, in which Fourier transform and fast Fourier transform are the most frequently used frequency domain analysis techniques. [2, 5] However, there are some shortcomings of the weak signal being sidelined by the strong signal, low frequency resolution and sidetrack leakage of the spectrum, which cannot meet the requirement of weak defect signal analysis. In 1996, Chen introduced the time domain analysis method into the ultrasonic testing, which greatly solved the problem of weak defect signal analysis. [4, 7] After continuous development, short-time Fourier transform, Cohen class time-frequency distribution, Wigner-Ville time-frequency distribution, wavelet transform, empirical mode decomposition and Hilbert-Huang transform are widely used in the current real-time detection.
In addition, the relevant research institutions have developed a variety of ultrasonic signal based on the defect diagnosis system. [4, 9] For example, Japanese BVV company developed the wheel of the ultrasonic detection system for the bearing surface defects detection, which can achieve rapid automated detection and switch A / B / C three scanning mode, but there is a certain detection blind spot. [2, 6] Nishny in Russia company developed the ultrasonic testing system, with two liquid immersion to achieve automated testing, high reliability, can achieve the bearing and the surface of the small defects detection, but the shortcomings of the existence of detection blind spots. Germany NDT company developed automatic thick plate ultrasonic inspection system, the system is currently on the market for medium and thick steel plate high-speed automatic detection needs of a more complete solution, can accurately identify the steel plate within the inclusion, stratification, shrinkage, within Split and other small defects in the location, size and shape, but for the bearing defect detection has not yet practical application. [1, 6] Pulse-echo method is used widely in ultrasonic detection. However, the method has high accuracy of quantitative detection, and there are some problems such as high defect detection rate and difficulty in detection of dead zone. These problems limit the ultrasonic detection in most high precision field application. In this paper, we focus on the shortcomings of traditional ultrasonic testing methods and make improvements. Based on the ultrasonic signal detection method of high frequency estimation of linear frequency modulation signal, we no longer rely on the sound pressure characteristics in traditional ultrasonic testing, and use the linear frequency modulation ultrasonic signal as the transmitting signal source, the ultrasonic echo coherent processing, and its low-frequency sinusoidal part of the rational combination of frequency spectrum estimation method for frequency estimation, frequency to find the echo delay, in order to obtain higher detection possibilities and accuracy.
Theory Analysis
Ultrasonic pulse echo method is the most widely used ultrasonic non-destructive testing method, which uses ultrasonic short pulse wave in the acoustic impedance of different heterogeneous interface to form the principle of reflection wave detection. The depth, nature and size of the specimen defect are detected by observing the reflection waveform from the internal defect or the bottom of the specimen at the bottom of the specimen by transmitting the pulse wave from the ultrasonic probe to the inside of the specimen.
In this paper, we use the chirp signal as the ultrasonic emission signal, ignoring the signal amplitude, the time domain expression:
In (1), 0 f is the center frequency of the signal transmit, t is the time, B T µ = is the frequency change rate, B is the signal bandwidth, T is the period time.
The instantaneous frequency expression of the chirp signal is:
The ultrasonic transducer emits a linearly modulated ultrasonic signal, and the acoustic reflection interface that encounters the defect will form an echo signal. The received echo signal is passed through a matched filter, which is convoluted with chirp reference signal. ( ) s t is the input signal, and its spectrum is ( ) S ω . For ( ) S ω , the optimal transfer function of the matched filter is:
After the time delay τ , the input signal is ( ) ( ) t are the time when the output ratio of the two filters reaches the maximum. Temporarily consider the noise interference, the delay time for the chirp ultrasonic echo signal: 
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The above equation is the linear frequency modulation signal through the matched filter after the signal time domain expression. We can see that the chirp signal through the matching filter, the output signal has an envelope of the Sinc function. The original signal duration is compressed, while the envelope amplitude is amplified.
It can be seen from the above formula, the frequency of the signal is 2 ω πµτ = . Because the frequency slope µ is a priori information, we can obtain the signal delay τ by estimating the frequency of low-frequency components.
Theoretically, as long as the frequency ω of the low frequency part of the echo signal can accurately, the time τ of the ultrasonic signal can be estimated, and can obtain the defect information of the subject.
Experimental Results
Accuracy and reliability are the important factors to measure the performance of ultrasonic inspection system. In this paper, an ultrasonic testing system is designed to design an internal ultrasonic defect, combining distributed multi-probe ultrasonic detection method and high precision detection method based on linear frequency modulation signal. Aiming at the simulation experiment of pulse back method, the high pulse signal with center frequency of 1MHz is adopted. In the simulation experiment of ultrasonic detection method is based on linear frequency modulation signal, the linear frequency modulation ultrasonic signal has signal duration of 10us and bandwidth of 1MHz for the transmission signal source.
The simulated object is a regular section steel with defects with 0.1m thickness. The propagation velocity of ultrasonic in the forged steel is 5600m/s, and the ultrasonic reflection occurs at the defect. The sound pressure attenuation coefficient of the piece is 5 dB / m. In the simulation experiment, the damage is located at an internal horizontal position at 0.025 and 0.05 m from the upper surface of the steel plate. In the experiment 1, we used five ultrasonic probes as the transmitting and receiving device of the signal, evenly distributed on the surface of the object to be measured; in experiment 2, we used 9 ultrasonic probe as a signal transceiver device. In Experiment 3 and Experiment 4, the bearing defects were the same as those in Experiment 1, and nine ultrasound probes were used as signal transceivers. In Experiment 3, we used the signal pulse duration of 2.0us. In Experiment 4, the pulse duration of the signal is 0.5us. 
Summary
Because of the advantages of the sensitivity for the surface and internal defects, the harmless to the environment and the human body and low cost, ultrasonic is the important development directions of the nondestructive testing of the bearing defects. In this paper, we use the multi-mode separation and defect feature extraction techniques of the combined pulse signal. The ultrasonic signal detection method with high accuracy frequency estimation of the signal is no longer dependent on the sound pressure characteristics in the traditional ultrasonic detection. The linear frequency modulation ultrasonic signal is used as the transmission signal source, the ultrasonic echo signal is coherently processed, resulting higher detection reliability and accuracy. In this paper, based on the linear frequency modulation signal and distributed multi -probe ultrasonic detection system, the simulation results show that compared with the traditional ultrasonic detection method, the ultrasonic signal detection method based on linear frequency modulation signal is excellent in reliability and precision.
